Structural alterations of the heme environment of cytochrome P450cam and the Y96F mutant as deduced by resonance Raman spectroscopy.
Resonance Raman spectroscopy at 2.5cm(-1) resolution was used to probe differences in wild-type and Y96F mutant P450cam (CYP101), both with and without bound camphor or styrene substrates. In the substrate-free state, the spin state equilibrium is shifted from 6-coordinate low spin (6CLS) toward more 5-coordinate high spin (5CHS) when tyrosine-96 in the substrate pocket is replaced by phenylalanine. About 25% of substrate-free Y96F mutant is 5CHS as opposed to 8% for substrate-free wild-type P450cam. Spin equilibrium constants calculated from Raman intensities indicate that the driving force for electron transfer from putidaredoxin, the natural redox partner of P450cam, is significantly smaller on styrene binding than for camphor binding. Spectral differences suggest that there is a tilt in camphor toward the pyrrole III ring on Y96F mutation. This finding is consistent with the altered product distribution found for camphor hydroxylation by the Y96F mutant relative to the single enantiomer produced by the wild-type enzyme.